INTRODUCTION
During the summer of 1969 the authors undertook a field investigation of the seismicity and tectonics of the Intermountain Seismic Belt. In Utah, this region forms the boundary between the Colorado Plateau on the east and the Basin and Range province on the west, and north of Utah it lies within the middle and northern Rocky Mountains (Fig. 1) . Tec tonically, this belt forms the eastern boundary of a region of low upper mantle P-wave velocity (Archambeau and others, 1969; Julian, 1970; Prodehl, 1970) and high heat flow (Roy and others, 1968; Blackwell, 1969; Roy and others, 1971 ) that extends beneath the Basin and Range province and the Rocky Mountain Trench. The eastern part of the Basin and Range province has been the site of extensive igneous activity and a zone of major block faulting from mid-Tertiary to the present (Eardley, 1962; Hamblin, 1963; Hamilton and Meyers, 1966; Armstrong and others, 1969) .
The Intermountain Seismic Belt is marked by relatively high seismicity (Cook and Smith, 1967; Barazangi and Dorman, 1969) of both the tectonic and swarm type (Sykes, 1970) . Molnar and Oliver (1969) showed that the high-frequency Sn phase is highly attenuated across the Basin and Range province, a property that is also characteristic of mid-oceanic ridges and the regions behind most island arcs.
Geological Society of America Bulletin, v. 83, p. 13-28, 10 figs., January 1972 13 A wealth of geological and geophysical data is available for the Intermountain Seismic Belt, yet unlike many of the tectonically active oceanic areas of the earth, the relation of this region to global tectonics is not well understood. We believe that through the use of microearthquake techniques as applied by Ward and others (1969) , Sbar and others (1970) , and Seeber and others (1970) , additional information regarding the current movements in the Intermountain Seismic Belt can be obtained, leading to a better understanding of the origin and development of this area. We present new microearthquake data in the form of located events and composite fault plane solutions. The fault motions determined in this study are those of differential motion on a near vertical plane and west-northwest extension. The possible interrelation of the adjacent tectonic provinces with the Intermountain Seismic Belt is examined.
In the body of the paper the method of analysis is only mentioned briefly, since it is discussed in detail by the authors listed below. Each area is then treated separately in sequence from north to south.
METHOD OF ANALYSIS
The methods employed in this study both for the location of microearthquakes and the determination of the composite fault plane solutions have been described by Seeber and others (1970) and Sbar and others (1970) . The instrumentation is discussed by Boucher and Fitch (1969) and Ward and others (1969) . The instruments were generally operated at a magnification of 3 X 10 6 to 6 X 10 6 at 25 Hz. Second marks were superimposed on the records to provide a timing accuracy of + 0.1 sec. Clock corrections using WWV were made daily. This study used six portable instruments with site spacings from 10 km to 30 km depending on the local physical conditions. The locations were determined graphically using the method described by Seeber and others (1970) . A check on the accuracy of hypocenter determinations was made using quarry blasts from the Bingham Canyon Copper Mine in northern Utah. The hypocenter of a blast that was recorded on all six stations was located within 2 km of the mine. This was taken as the uncertainty of location under favorable circumstances.
The Jeffreys-Bullen (1-B) velocity structure for the crust was used in all of the hypocentral locations since, in most of the specific areas surveyed, refraction profiles were not available. In those areas where refraction data were available (Berg and others, 1960; Prodehl, 1970 ) the difference in location using the different models was found to be less than the graphical intersection error in determining the location, due to the small hypocentral distances as well as the similarity in velocity structure of the models. Each hypocentral location was given a quality factor indicated by the different sized symbols in the figures. The largest symbol indicates a possible error in location of about 2 km. The intermediate size symbol represents an error of about 5 km and the small symbol an error of about 10 km. No attempt was made to locate events at distances greater than about 60 km from the network.
Most of the time six stations were operating simultaneously in an area. When stations were recording in more than one area ( four stations would be recording simultaneously in each area. Part of the time (see figures) one of the six vertical geophones was replaced by a horizontal geophone in order to better detect the S-wave arrival.
The first motions of the P-wave for each microearthquake were read with the aid of a low-power microscope. These were then plotted on the upper hemisphere of an equal area projection about the hypocenter. Since the angle of emergence from the focal sphere is sensitive to the crustal structure, and in particular to the velocity gradient, it is important to select an accurate structure. In most of the areas surveyed, seismic refraction information was not available. Because of this, several structures (1-B, Berg and others, 1960; Prodehl, 1970) were compared using a three-dimensional ray tracing program described by Jacob (1970) . It was found that the variation of the angle of emergence with crustal model was greatest for foci with shallower depths. The velocity structure of Prodehl (1970) is the best available in most cases, and was used where applicable. At greater epicentral distances, some of the rays emerged from the lower hemisphere of the focal sphere. These were projected onto the upper hemisphere. All of the focal plots determined from the microearthquakes in each area were superimposed to form a composite fault plane solution (CFPS), since the data from any single microearthquake were insufficient to determine the nodal planes of the fault plane solution (FPS). Only one of the two nodal planes of the CFPS can be the fault plane, which cannot be determined uniquely from the CFPS. Hence the fault plane is usually chosen to agree with the general strike and sense of motion of faults mapped at the surface. Magnitudes were not individually determined (Fig. 1A) . The origin of this feature in Montana is described by Mudge (1970) . The major tectonic movement was uplift during the Cretaceous and early Tertiary (Laramide orogeny) and gravity sliding to the east during the early Tertiary, forming the Disturbed Belt of thrust faults in western Montana (Mudge, 1970) . Block faulting was initiated after the sliding and, based on the current seismic activity (Figs. 3 and 10) , is still continuing. The block faulting occurred at the head of the gravity slides resulting in the formation of the Rocky Mountain Trench (Mudge, 1970) which in the area of investigation, is bounded by the east by the Mission Fault (Fig. 3) . In this paper we define a microearthquake swarm as a series of events of nearly the same size separated in time by hours or even minutes and localized in space. The depths of the microearthquakes in the swarm ranged from near-surface to three km. The scatter in the east-west direction probably reflects the better north-south control in the station distribution. A histogram showing the number of microearthquakes recorded versus S-P times is shown for station M8. This histogram illustrates the unusually high activity of the swarm as compared with the region as a whole. The other microearthquakes were located near enough to known recently active faults to suggest that they may be associated with these faults. A question exists as to whether or not these faults flatten at depth. Our data cannot clarify this problem, although we can demonstrate that faulting extends to at least a 15-km depth as indicated by the deepest hypocenter in this area. Bally and others (1966) show seismic reflection data which implies that similar faults in the southern Canadian Rocky Mountains do flatten at a depth of no greater than 8 km.
No microearthquakes were located in the Disturbed Belt to the east of the area shown in Figure 3 . The NOS plot of epicenters (Fig. 10 ) also indicates a lack of activity in this region. This historic seismic activity correlates with the region of uplift postulated by Mudge (1970) .
The composite fault plane solution (CFPS) shown in Figure 3 is an equal area projection of the upper hemisphere. It shows normal faulting with west-northwest extension, and the nodal planes are well determined. In this particular case, changes in the angles of emergence of the points, which would change their radial distance from the center of the plot, would only change the dip angles of the nodal planes, but not the mechanism itself. For the CFPS, the cluster of microearthquakes in the swarm was treated as a single point, since nine of the ten largest events had the same first motions at the various stations and the azimuth at each station was essentially the same for all events. The fault plane striking N. 8° W. correlates well with the regional strike of the faults shown in Figure 3 , and the sense of motion is the same as that on both the Swan and Mission faults. The dip is westerly as shown by Mudge (1970) for these faults. It should be emphasized that the fault planes of each of the microearthquakes may differ from that of the CFPS shown in Figure 3 , and that the well-determined nodal planes indicated may be a coincidence. However, the correlation of the fault plane with known structural geology and the favorable comparison with teleseismic fault plane solutions, in the cases of Cache Valley and Marysvale (Smith and Sbar, in prep.), argue strongly for the validity of this technique in sampling the regional trends.
Three Forks Area, Southwestern Montana
The Three Forks area is at the southern terminus of the Disturbed Belt of western Montana (Figs. IB and 4). This area also seems to be one of transition from generally north to west-northwest-trending structures to one of east-trending features. The geology is complex and various hypotheses have been presented for its origin. Robinson (1961) summarized these ideas and presented a more coherent though still incomplete picture of the region, which is used in a comparison with our data. The most recently active faults in the area (late Miocene and Pliocene) are the high-angle faults along the Bridger Range (Fig. 4) . The thrust faults in the center are believed to be of Laramide age and the age of the Willow Creek Fault is unsure, but Robinson (1961) suggested that the Willow Creek fault was active in the Precambrian and during the Laramide orogeny. These older faults may provide weak zones on which the current stress is being relieved.
Microearthquakes were located near both the east-and north-trending older faults and no evidence of swarm activity was observed. The deepest event recorded was 15 km. The nodal planes determined from the CFPS have nearly the same strike as the two sets of faults above. Whether the orientation of the nodal planes represents a system of faults throughout the region with the same orientation, or is merely fortuitous we cannot determine. However, microearthquakes occurring on faults of different types and strikes would not be expected Laramide age and more recent block faulting (Armstrong and Oriel, 1965) . The strike of the thrusts is generally north with thrusting to the east. No metamorphism, major fault breccia or mylonites have been found to be associated with these thrusts. During the Eocene the deformation changed to one of block faulting which has continued to the present, with three phases distinguishable. The latest of these phases has a strike that is north to northwest and is generally parallel to the present moun- (Fig. 1C) . Structural trends from tain fronts with vertical motion dominant. Figure 5 shows the microearthquakes located during the four days of recording in that area. Only six of the stations shown were occupied at any one time. The activity in the area was scattered with the exception of three "hot spots" near stations 17, 14, and 15, where swarm type of activity was observed (see histograms near 14 and 17). Two of these three spots of swarm activity were also described in a report by Westphal and Lange (1966) . In 1964, they recorded no activity near station 14, but significant activity near 15. Of the 56 earthquakes that they located, none were east of the Palisades Reservoir even though they had the capability to detect events there. Most of the Figure 3 for explanation of symbols. activity which they located occurred between Grays Lake and the Palisades Reservoir. However, in our study moderate microearthquake activity was observed to the east of the reservoir. The spatial difference in the activity recorded by Westphal and Lange (1966) and our study emphasizes the sporadic nature of the seismicity. Of the microearthquakes recorded at station 14, most had S-P times less than or equal to one sec (see histogram, Fig. 5 ). At one extreme these events could be near the surface and about seven km from the station, or at the other, near the station and about seven km deep. In either case they would be considered very shallow microearthquakes. It is interesting that numerous microearthquakes were recorded close to the Palisades Reservoir. Possibly some of them may be associated with the reservoir loading. In this study we were unable to determine the relationship between the loading and seismicity. However, since this is a seismically active area, attention should be directed to the possibility of a causal relation between the seismicity and the reservoir loading. The cluster of five events near 15 occurred within one hour and the depth was well determined at 12 km from station 15. The events recorded at 17 had a wide range of S-P times, but many are considered members of swarms, since they were clustered in time and in groups with the same S-P times and other similar characteristics.
Geologic Map of Idaho (Ross and Forrester, 1959). See
The other microearthquakes were scattered over a large area and seven were located off the map area. Since the more distant events would have to be larger to be recorded, this suggests that a large area of high seismicity exists in the Caribou Mountains region. The NOS epicenter locations shown in Figure 10 support this point.
The CFPS in this region shows predominant normal faulting with a northwest-trending extensional axis and fault plane striking N. 12° W. The dashed line indicates the limits for possible orientations of the fault plane. The strike of the structural trends is also plotted on the equal area projection. The strike of the fault plane correlates well with the strike of the most recent block faults described by Armstrong and Oriel (1965) .
Cache Valley, Northern Utah
The Cache Valley region forms the northern part of the eastern boundary of the Basin and Range province with the Middle Rocky Mountains to the east (Fig. ID) . The valley is bounded on the east by the East Cache fault (Fig. 6) . The western side is comprised of low hills which are bounded on the west by the Wasatch Fault (Fig. 6) . Both of these faults are steeply dipping and have the west side downthrown (Eardley, 1962) . It is quite possible that they form steplike faults on the east side of a large graben. All of the other faults shown in Figure 6 are also high angle faults.
Cache Valley and the surrounding area have been the site of several destructive earthquakes throughout the last 100 yrs (Cook and Smith, 1967) . As a result, one might expect the earthquake activity to be relatively high. However, both the teleseismic activity in Figure 10 and the microearthquake activity in Figure 6 would be considered moderate for the Intermountain Seismic Belt. The population distribution may have had a strong influence on the destructiveness of the above earthquakes. The microearthquakes recorded were very shallow (<5 km) and were observed to cluster in small groups of two to three events.
The fault plane striking N. 22° W. that was determined from the CFPS has a strike similar to that of the Wasatch and East Cache fault zones although the strike of the fault plane is not well-determined. The fault plane solution (FPS) found by Smith and Sbar (in prep.) for an earthquake in Cache Valley has the same sense of motion, but the strike is N. 10° E. If the one dilatation at the lower end of the plane in our CFPS were removed, it could rotate to about N. 15° E. The fault plane is steeply dipping and the CFPS indicates the same sense of motion as on the Wasatch and East Cache faults.
Central Utah
The Central Utah area separates the Basin and Range province from the Colorado Plateau (Fig. IE) . The dominant feature in this area is the Wasatch fault zone and its impressive scarp. The fault zone terminates south of Utah Lake ( Fig. 7 ; Cook and Berg, 1961; Stokes, 1963) . In the southern part of this region near the town of Gunnison the name Thousand Lake fault zone is applied to a series of faults along the Wasatch monocline (Cook and Smith, 1967) . The Wasatch fault as mentioned above is steeply dipping with the west side down. The sense of motion on the Long Ridge fault (Fig.  7) , however, is questionable on the geologic map of Cook and Berg (1961) .
The microearthquake activity in the region is extremely low compared to the teleseismic activity shown in Figure 10 , both in the northern and southern parts of Figure 7 . Of the microearthquakes that were located, the four between the Long Ridge fault and the Wasatch fault zone occurred within a time span of 6.5 hrs, suggestive of a small swarm since no major shock occurred.
It is interesting that a topographic feature as impressive as the Wasatch fault zone should have such low seismic activity. Indeed, among recent macroseismic events a prominent gap exists in the central part of this region (Fig.  10E) . The recording time in the central Utah area was the longest in the study (Fig. 2) , and some of the instruments near the Wasatch fault zone were operated at their maximum gain of 2.5 X 10 7 at 25 Hz. In addition, the listing of Cook and Smith (1967) shows only minor activity south of Salt Lake City since 1850. Therefore, the seismicity gap south of Salt Lake City is well established. A gap such as this is indicative of the uneven character of the seismicity in the Intermountain Seismic Belt.
The loading of some artificial lakes is known to have had major effects on the local seismic regime. The natural filling and dessication of Lake Bonneville, which at its maximum stage contained about as much water as Lake Michigan does today, imposed transient loads perhaps 100 times as great as any artificial reservoir filled in recent decades. The time scale of Broecker and Kaufman (1965) places several such cycles within the last 20,000 yrs, the highest (Bonneville) shore line having been cut about 12,000 yrs ago. Crittenden's (1963) bathymetric map shows that the water load occupied the basin, or tectonically downthrown block, adjacent to presently quiet segments of the Wasatch fault. The load would, therefore, tend to accelerate tectonic faulting during periods of rising water and to retard tectonic faulting during periods of receding water. In addition, variations in fluid pressure at the fault plane may have influenced fault slippage. The long-term tectonic regime may have been modified by the short-term oscillations of lake levels. However, the data available appear to be insufficient to determine whether these transient effects persist to the present, and whether the central Utah quiet zone is related to recent isostatic adjustments. All of the well-located microearthquakes located in Figure 7 were used in the CFPS. The nodal plane that is dipping nearly horizontal is well determined by the points on the equalarea projection. Since the two nodal planes must be orthogonal, the pole of the above plane and the data points fixed the position of the second nodal plane. The fault plane chosen was this second nodal plane. The sense of motion shown here does not agree with that of the Wasatch fault zone. However, most of the microearthquakes located in this study are west of the Wasatch fault zone and may be associated with the west side of the graben defined by the gravity study of Cook and Berg (1961) . The two microearthquakes to the east could have the opposite sense of motion as that shown in the CFPS on a fault plane about. N. 10° W. and still fit this solution. Because of this problem, we believe that this CFPS is weak, but favors motion on a steeply dipping plane with the east side down.
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Marysvale, Southwestern Utah
The Marysvale area (Fig. 8) is geologically unusual among the regions so far mentioned. It is a region of extensive volcanic activity from the early to late Tertiary, which has resulted in extensive uranium mineralization (Kerr and others, 1957 ). This region is on the eastern margin of the Basin and Range province (Fig.  IF) and is dissected by two major fault zones. The Sevier fault zone is prominent here and extends into southern Utah. The Tushar Fault zone forms the west side of a graben bounded by these faults. The fault zones here trend northwest, in contrast to the usual northeast trend of major fault zones in the southern third of Utah (Stokes, 1963) . The junction of these trends near Marysvale was the center of the volcanic episodes (Kerr and others, 1957) .
The Cache Valley and Marysvale areas were the two most seismically active areas monitored in Utah during this investigation. Most of the activity at Marysvale was found to lie on the west side of the graben. A wide range of depths from near surface to 20 km was observed for these hypocenters. Even though this is an area of late Tertiary volcanism, no evidence of swarm activity was observed. The histogram of the number of microearthquakes versus S-P time for station U22 in Figure 8 indicates the higher activity recorded there as opposed to other instrument locations; however, the na- ture of those events was not swarm type. Also, the four shocks near U19 were not a swarm, but a main shock and three aftershocks.
The CFPS shown in Figure 8 has a steeply dipping fault plane with a strike similar to that of the northwest-trending faults and a sense of motion the same as the Tushar fault zone. It is evident that a few of the events do not satisfy this solution, since they show the opposite first motion as that expected. This is reasonable, since the two major fault zones in this area have opposite motion. However, the four microearthquakes near U19 in Figure 8 had first motions consistent with the CFPS even though they occurred on the Sevier fault zone, which has the opposite sense of motion. This CFPS is quite similar to a teleseismic FPS determined by Smith and Sbar (in prep.) for a magnitude 5.8 earthquake in this area that occurred in October 1967. The strike of this FPS is about 20° from that of the CFPS determined in this study, but the sense of motion is the same. The high activity at Marysvale may be aftershock activity from the 1967 earthquake or symptomatic of high regional activity.
Hurricane and Sevier Fault Zones, Southwestern Utah
The geology of southwestern Utah is dominated by two major northeast-trending fault zones (Fig. 9) . Both are high-angle faults with the west side downthrown (Stokes, 1963;  King, 1969) . In addition, both faults have a significant topographic expression. The Hurricane fault is believed to have experienced an episode of major movement as late as Quaternary (Gardner, 1941) , and volcanic activity has occurred less than 1,000 yrs ago (Hamblin, 1963) . Numerous smaller faults with a northwest trend are also found in this area. Only a few of these are shown in Figure 9 .
The microearthquake activity in this region was observed to be very low. Most of the events located were in the south-central portion of the figure and not obviously related to any of the faults shown. A number of microearthquakes was recorded at station U6. This was one of the most sensitive stations in this area. Interestingly, no events were recorded with S-P times less than three sec. The events with S-P times near three sec have a character similar to the microearthquake on the Sevier fault south of U6, which has an S-P time of 3.8 sec at that station. These events may be from the same area. The location of most of the other microearthquakes recorded at U6 cannot be determined. These events did not appear to be swarm type, since they did not cluster in time. The depths of the microearthquakes plotted in Figure 9 ranged from 5 to 20 km. A focal mechanism was not able to be determined for this region.
Lake Powell and Uinta Mountains, Utah
Microearthquake instruments were operated in these two areas for specific reasons. Lake Powell (Fig. 101) is a reservoir in southern Utah that is currently being filled by the Colorado River. Recording was done to determine if any microearthquake activity would be associated with the filling of this reservoir. In the few days of recording around the lake, no activity was observed. A seismometer has been operated at the Lake Powell dam site since 1960 by the NOS at a lower sensitivity than those used in this study. Through 1970 no local earthquakes have been recorded near the dam (Mickey, 1970) .
The Uinta Mountains (Fig. 10H) are an anomalous structural feature in that they have an east-west trend. This range is bounded by east-trending faults on both the north and south.
Historically, this area has had very low seismic activity (Cook and Smith, 1967; Fig. 10) . We recorded for four days near the southern boundary fault of the Uinta Mountains and observed no microearthquakes. This is consistent with the historic results.
We deliberately surveyed an inactive area to check the hypothesis that microearthquakes most probably would not be found in a region that is macroseismically inactive. After evaluating microearthquake data from various sources in different regions, Boucher and Fitch (1969) stated that "there is a high probability that a given day's recording will yield a frequency of events that is well within an order of magnitude of the mean" for that area. The results of Ward and Bjornsson (1971) in Iceland substantiate this statement. It seems reasonable to assume that the higher the general seismicity the more representative the sample.
In this survey the activity within a region seemed to be sporadic with microearthquakes clustering in space and time. However, the relative activity of the various regions compares favorably with that listed by the NOS and plotted in Figure 10 .
EVALUATION OF RESULTS AND GEOLOGICAL IMPLICATIONS
Some general observations can be made about the nature of the seismic activity in the Intermountain Seismic Belt. Of the microearthquakes that were located with an accuracy of 5 km or better, none had a depth greater than 20 km. Most of the events had depths of 15 km or less-well above the transition zone from crust to mantle at 29 to 36 km indicated by Prodehl (1970) for the Basin and Range province. If the ideas of Scholz and others (1969) for the San Andreas system in California can be applied to this region, we can define a zone of stick-slip motion from near the surface to about 15 km with a gradual change to aseismic slip below 15 km.
A characteristic feature of the seismicity of the Intermountain Seismic Belt is its sporadic nature. This can be seen by the change, with time, in the locus of activity in a region and also in the initiation and termination of swarms. Flathead Lake (Fig. 3) and the Caribou Mountains (Fig. 5) are the regions of highest swarm activity. In Iceland, Ward and Bjornsson (1971) have observed a general association of swarms with geothermal areas in zones of fissure systems. These swarms were at depths from 2 km to 6 km and occurred in zones with radii less than 5 km. They postulated that the swarms may be caused by the weakening effect of the water in the geothermal areas on the crust. Mogi (1963) related swarms to heterogeneity or nonuniform stress in the focal region. Sykes (1970) potheses that related swarm activity to processes, such as that described above, that can be found in volcanic areas. These hypotheses are that swarms are a result of concentrated stress, heterogeneous materials and structures, and (or) localized sources of high fluid pressure. However, he did not believe that the data available were adequate to distinguish among these three hypotheses. In line with the above ideas, an attempt was made to correlate the presence of the observed microearthquake swarms with Quaternary volcanics. No correlation could be found. However, the possibility still exists that these swarms are associated with buried plutonic activity. This is supported to some extent by the high heat flow observed in this region (Roy and others, 1968; Blackwell, 1969) .
If the seismic activity observed in this microearthquake study is compared with that previously recorded in the NOS listing or in earlier listings (Cook and Smith, 1967) , considerable variation can be seen. The southern part of the central Utah map (Fig. 10E) is an area of high activity and yet only one earthquake was recorded there in the course of this study (Fig. 7) . More than half of the activity recorded at Flathead Lake from 1961 to 1969 listed by the NOS (Fig. 10) occurred from April 1969 to February 1970. The high microearthquake activity also recorded there is probably a reflection of this recent activity. According to a listing by Cook and Smith (1967) , the activity in the vicinity of the Hurricane fault should be higher than that on the Sevier fault. Our investigation and the NOS listing show slightly higher activity on the Sevier fault. In the Caribou Mountain area (Fig. 5 ) a distinct change in the locus of activity was observed in the comparison of our locations with those of Westphal and Lange (1966) . New activity was located east of the Palisades Reservoir and near station 14. The rate of activity was also observed to vary on a daily basis in most of the areas. The above examples indicate that the activity in the Intermountain Seismic Belt is sporadic and may vary considerably with time.
The CFPS determined in this study were found to correlate well with the observed structural geology in most cases. It is significant that most of the microearthquakes in a given region should satisfy the same CFPS since they occur on separate but similar faults that are kilometers apart, and the magnitude of the events range from -1 to 2.5. If a relation between fault length and magnitude can be extrapolated to small earthquakes (Wyss and Brune, 1968) , the area ruptured by these microearthquakes would then range from a few square meters to about a half a square kilometer. The observation that the fault planes are well determined in most of the CFPS's imply that most of the microearthquakes express a regional pattern of movement or stress even though they are on faults separated by a few tens of kilometers. An inspection of the various CFPS demonstrates that in the better examples (Flathead Lake, Fig. 3 ; Marysvale, Fig. 8 ), a number of data points would have to be eliminated to change the strike and dip of the slip plane by a few degrees. In other cases, the elimination of only one data point can change the solution by as much as 35° (for example, Cache Valley, Fig. 6 ). Because the CFPS correlate quite well with the observed geology, it is reasonable to assume that they represent an average fault plane orientation and direction of slip for the different regions surveyed at the time of the survey. Figure 10 presents the CFPS determined in this study superimposed on a seismicity map of the Intermountain Seismic Belt. Based on these mechanisms, we can divide the Intermountain Seismic Belt into two regions of different tectonic character with the boundary between the Caribou Mountains, Idaho (Fig. IOC) , and Cache Valley, Utah (Fig. 10D) . The CFPS at Flathead Lake (Fig. 10A ) and the Caribou Mountains indicate normal faulting with the extensional axes striking west-northwest and approximately horizontal. Both of the above regions have high swarm activity. This amount of swarm activity was not observed elsewhere in the Intermountain Seismic Belt during this study. Mudge (1970) has investigated the geology and evolution of northwestern Montana. He postulated that this area has developed as a result of uplift which was initiated in the late Jurassic. This uplift caused the thrusting to the east as well as normal faulting at the head of the thrusts. Armstrong and Oriel (1965) have described normal faulting as the latest stage of faulting in the Caribou Mountain area.
Between the above two areas of uplift and extension lies a region of complicated geology and seismicity, which includes the Hebgen Lake and the Yellowstone areas. Our results at Three Forks indicated primarily strike-slip motion with a west-northwest trend. The FPS found for the 1959 Hebgen Lake earthquake (magnitude 7.1) also has a west-northwest strike; however, it is a dip-slip fault, with a dip of 54° SW., and the southwest side downthrown. Because of the difference in these mechanisms, the connection between the two zones of extension is obscure. A detailed microearthquake investigation in the area of Hebgen Lake and Yellowstone Park would help to clarify this problem. The above results do not necessarily imply rifting as in oceanic ridges, but indicate that west-northwest-trending extension is occurring in this region. Gumper and Scholz (1971) have observed a similar pattern on the western boundary of the Basin and Range province.
Farther to the south the three CFPS determined in Utah (Fig. 10) indicate differential motion on steeply dipping faults. In northern Utah a detailed gravity survey (Cook and Berg, 1961) showed evidence of a series of grabens about 100 km wide with a steplike series of faults on each side. The seismic zone shown in Figure 10 is also about 100 km wide and the CFPS may indicate, by their sense of motion, which side of the graben was moving during the time of the microearthquake survey. The graben and the seismic zone define the transition zone between the Basin and Range province and the Colorado Plateau.
The features of the Intermountain Seismic Belt in Utah can be explained as the boundary between two lithospheric plates of different characteristics. In a model taken from Archambeau and others (1969) , the Basin and Range province is a region with a thin crust (25 to 30 km), and an upper mantle with a low P-wave velocity which extends to 150 to 200 km in depth. To the east the Colorado Plateau has a thicker crust (50 km) and a higher upper mantle P-wave velocity. The crust and uppermost mantle form a "lid" about 100 km thick over a lower P-wave velocity zone that extends to about 200 km. The differences between these two tectonic provinces thus extend to about 100 km in depth. Differential vertical motion between these two "plates" presumably results in the observed seismicity. This concept is discussed in more detail in Scholz and others (1971) .
Since, in general, the motions resulting from the CFPS are in agreement with those observed to have occurred over the past 15 m.y., it is reasonable to assume that those tectonic forces that have generated the Intermountain Seismic Belt block faulting have continued in some fashion to the present.
CONCLUSIONS
The results of this study indicate that the Intermountain Seismic Belt can be divided into two regions of differing tectonics. In both of these regions, the well-located microearthquakes were found to occur between the surface and 20 km in depth, and to cluster both in space and time. The northern region extends from the Caribou Mountains in southeastern Idaho to Flathead Lake in northwestern Montana. This area is dominated by west-northwest extension with normal faulting and swarm activity observed at the Caribou Mountains and Flathead Lake. No significant swarm activity was detected elsewhere. However, the tectonic connection between these two areas of uplift and extension is still obscure.
An important feature of the composite fault plane solutions in the southern region (Utah) is that the inferred fault planes tend to be nearly vertical, with the relative movements also vertical. The above fault plane solutions as well as the spatial distribution of the earthquakes in Utah can be explained by the interaction of two distinctly different crustal and upper mantle tectonic provinces, the Colorado Plateau to the east with the Basin and Range province to the west.
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